Aminoacylation of tRNAs as critical step of protein biosynthesis.
Isoleucyl-tRNA synthetases isolated from commercial baker's yeast and E coli were investigated for their sequences of substrate additions and product releases. The results show that aminoacylation of tRNA is catalyzed by these enzymes in different pathways, eg isoleucyl-tRNA synthetase from yeast can act with four different catalytic cycles. Amino acid specificities are gained by a four-step recognition process consisting of two initial binding and two proofreading steps. Isoleucyl-tRNA synthetase from yeast rejects noncognate amino acids with discrimination factors of D = 300-38000, isoleucyl-tRNA synthetase from E coli with factors of D = 600-68000. Differences in Gibbs free energies of binding between cognate and noncognate amino acids are related to different hydrophobic interaction energies and assumed conformational changes of the enzyme. A simple hypothetical model of the isoleucine binding site is postulated. Comparison of gene sequences of isoleucyl-tRNA synthetase from yeast and E coli exhibits only 27% homology. Both genes show the 'HIGH'- and 'KMSKS'-regions assigned to binding of ATP and tRNA. Deletion of 250 carboxyterminal amino acids from the yeast enzyme results in a fragment which is still active in the pyrophosphate exchange reaction but does not catalyze the aminoacylation reaction. The enzyme is unable to catalyze the latter reaction if more than 10 carboxyterminal residues are deleted.